The characterization of rosemary essential oil (EO) for its formulation in biodegradable 2 emulsions has been carried out. Firstly, the required HLB (hydrophile-lipophile balance) value 3 of the oil was determined to be 15 based on droplet size analysis and the stability of emulsions 4 with synthetic surfactants. Moreover the emulsion resulted to be stable after 50 days of 5 storage in ambient conditions. Secondly, four biodegradable and non-toxic surfactants derived 6 from starch were tested. The effect of these surfactants was analyzed by measuring interfacial 7 tension between the oil and the aqueous phase. 8
Introduction 10 1995). The required HLB values of commonly used fixed and mineral oils have been 23
determined but those of EOs are yet to be studied. 24
The HLB of rosemary EO has been determined according to the method proposed and 25 validated by Orafidiya and Oladimeji (2002) based on the determination of droplet size and 26 size distribution of emulsions prepared with surfactants of a wide range of HLB values, being 27 the required HLB for the essential oil that of the surfactant leading to the most stable 28 emulsion, i.e. that of the minimum droplet size. 29
As previously mentioned, this required HLB value of the oil phase will be useful to select an 30 appropriate surfactant for the emulsion. These data is mainly available for synthetic 31 surfactants or it can be calculated from the chemical formula by group contribution methods 32 (Tadros, 2005 ; Wang et al., 2011). However, this information is not always available for 33 natural or natural derived surfactants, such as n-octenyl succinic anhydride (OSA)-modified 34 starches, whose application in emulsion formulation is increasing in the last years (Varona et 35 al., 2009; Wang et al., 2011) . 36
In such cases, the measurement of the interfacial tension between the oil and a water solution 37 of the surfactant whose HLB value is unknown, provide reliable and fast information for the 38 selection of the appropriate surfactant and the minimum concentration needed to obtain a 39 stable emulsion (Huang et al., 2011) which is generally higher than the critical micelle 40 concentration (CMC) for the corresponding surfactant, provided that this information is 41 available. The smaller the interfacial tension between the oil phase and water, the more stable 42 will be the emulsion as it adsorbs onto the oil forming interfacial film, reducing the interactions 43 between both phases and the energy required to expand the interface of the phase to be 44 dispersed, in this case the oily one, for the formation of the emulsion (Tadros, 2005) . 45 (OSA)-modified starches, was measured and compared with the interfacial tension of the EO 48 and a synthetic surfactant with a value of HLB equal to that required HLB by the EO, in order to 49 select the most adequate OSA-starch and the minimum concentration required to obtain a 50 stable emulsion. 51
Materials and Methods 52 2.1. Materials 53
The essential rosemary (Rosmarinus officinalis L.) oil was supplied by COCOPE (Peñafiel, Spain). The main components of the rosemary oil analyzed by Gas Chromatography are displayed in 61 Table 1 . 62 2.2. Methodswas initially prepared by dissolving the surfactant at a concentration of 1g/L in deionized water 66 (Milli-Q, Millipore) with the aid of a magnetic stirrer (IKA). Afterwards 50 mL essential oil was 67 gradually added to the suspension under continuous agitation for 5 min and a crude emulsion 68 was obtained. The resulting coarsely dispersed raw emulsion was then fed into the rotor-stator 69
Preparation of the mixture of surfactants 72
Emulsions were prepared using a combination of two surfactants, Span 20 whose HLB is 8. The values are the average of 3 measurements. The maximum incertitude of the analysis was 87 5%, except for stored emulsions of HLB below 10.7 that reached values up to 20%. 88
In order to observe variation during the storage time, the measurements were made directly 89 after the production of the emulsion, and 21 and 50 days later following the same procedure. 90
Determination of the stability of emulsions 91
The emulsion stability, that means the ability of an emulsion to resist changes in its properties 92 with time, was analyzed using two different criteria: the amount of de-emulsified oil at two 93 time intervals (21 and 50 days) and the kinetics of sedimentation and creaming of the 94 emulsion in the following 60 minutes after preparation. 95
For both analysis, 7 mL of the emulsion were poured in a vertical glass tube with an inner 96 diameter of 13 mm (height of emulsion: 55 mm) and stored at ambient conditions. 97
The height of visible supernatant oil layer was recorded, and compared to maximum height of 98 oil (11 mm), i.e. the emulsion were completely de-emulsified; this ratio multiple by 100 was 99 the % of de-emulsionated oil. 100
Particles migration phenomena (creaming or sedimentation) induce particle volume fraction 101 changes at the extremities of the sample. The creaming and sedimentation rates were 102 followed using a Turbiscan Classic MA2000 (Formulaction, France). The stability of emulsions issurfactants derived from starch as stabilizers for rosemary essential oil emulsions in water, was 167 tested based on interfacial tension measurements. The best surfactants, OSA-2 and OSA-4, 168 reduced the interfacial tension between water and the essential oil in two thirds. 
